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Specifications 

(54) Name of Invention: Method of Manufacturing 

Semiconductor Device 

(57) Summary (with revision) 

Purpose: In relation to methods for fabricating MOSFETs 
with polysilicon gates by activated heat processing after 
ion injection of boron fluoride (BF 2 ) , to provide a semi- 
conductor device manufacturing method that promotes J: he 
fluorine's diffusion of boron into the gate oxide film 



(Si0 2 ) , but suppressing that because the FET threshold 
voltage Vth will scatter. 

Makeup; Prior to injecting boron fluoride ions, one 
introduces chlorine into a gate film (Si0 2 ) . The first 
approach includes steps (a)-(f): 

(a) A step of thermally oxidizing silicon semiconductor 
substrate to form silicon oxide film 3, 

(b) A step of forming polysilicon electrode 4A, 

(c) A step of ion-injecting chlorine into said polysilicon 
electrode, 

(d) A step of thermally diffusing the injected chlorine 
into silicon oxide film 3, 

(e) A step of ion-injecting boron fluoride (BF 2 ) into 
polysilicon electrode 4A and 

(f) A step of doing activating heat treatment of the ion 
injection and having the chlorine in the silicon oxide film 
suppress diffusion of the boron. 

Scope of Patent Application 

Application Item 1: A method of manufacturing semicon- 
ductor devices that includes the following steps: 

(a) A step of thermally oxidizing silicon semiconductor 
substrate to form silicon oxide film 3, 

(b) A step of forming polysilicon electrode 4A on said Si0 2 
film 3, 

(c) A step of ion-in^ectj^ng^^chlorine into said polysilicon 
electrode "4A^ 

(d) 'A" step of thermally diffusing the injected chlorine 
into above-noted Si0 2 film 3, 

(e) A step of ion-injecting boron fluoride (BF 2 ) into afore- 
noted polysilicon electrode 4A and 

(f) A step of activating heat treatment of the ion 
injections so that the chlorine present in above-noted Si0 2 
film will suppress diffusion of the boron. 

Application Item 2: A method of fabricating semiconductor 
devices that includes the following steps: 

(a) A step that uses the ion-injection method to inject 
chlorine into said silicon semiconductor substrate, 

(b) A step that thermally oxidizes said silicon semiconduc- 
tor substrate to form an__Si0 2 film, 

(c) A step that forms a polysilicon electrode on said Si0 2 
film, 



(d) A step that does thermal treatment to diffuse the 
injected chlorine into afore-noted Si0 2 , 

(e) A step that injects boron fluoride into the afore-noted 
polysilicon electrode by ion- injection of the BF 2 and 

(f) A step to do activated thermal treatment of the ion 
injection so that the chlorine present in the afore-noted 
Si0 2 will suppress diffusion of the boron. 

Application Item 3: A method of fabricating semiconductor 
devices that includes the following steps: 

(a) A step that forms a Si0 2 film by thermally oxidizing a 
silicon semiconductor substrate, 

(b) A step that uses ion injection to inject chlorine into 
said Si0 2 ~fTInf; 

(c) A step. that forms a polysilicon electrode on said Si0 2 
film, 

(d) A step that ion-injects boron fluoride (BF 2 ) into the 
afore-noted polysilicon electrode and 

(e) A step that does heat processing of the ion injection 
so that the chlorine in the afore-noted Si0 2 film will 
suppress the boron's diffusion. 

Detailed explanation of Invention 

0001 Field for Commercial Utilization: This invention 
relates to a method for manufacturing such semiconductor 
devices as ICs or LSIs, and specifically bears on a method 
for fabricating the polysilicon gates for MOS-type field- 
effect transistors (FET) . 

0002 Usual technology: MOSFETs are equipped with an Si0 2 
gate film formed by thermal oxidizing silicon semiconductor 
substrates (wafers) and with a gate electrode formed 
thereon of polysilicon or amorphous silicon. Semiconductor 
devices with a MOSFET are used for their complementary MOS 
structure (CMOS) having the advantage of operating at low 
power consumption. They are made by ion- injecting boron 
(B) into their P-type region (source/drain region) to form 
a P- channel MOSFET. This ion injection dopes boron in the 
gate electrode. Boron also is ion-injected into the poly- 
silicon (or amorphous silicon) to make the gate electrode 
conductive . 

0003 Usually, since the gate electrode was relatively 
thick, the injected boron never went on through the gate 
electrode to reach the gate oxide film. With the recent 
higher integration and miniaturization of semiconductor 



devices, gate electrodes have become thinner, creating the 
problem of the injected boron going through the gate 
electrode and into the gate oxide film. So, ion- injected 
boron ions are made larger by injecting such boron/ fluorine 
compounds as BF and BF 2 . That shortens the distance the ions 
travel in the gate electrode polysilicon film and can avoid 
the problem of their penetration. 

0004 Issues the Invention Seeks to Resolve: With the ion- 
injection of boron fluorides, one finds that the problem 
arises in activated heat processing after the ion- injection 
that fluoride in the gate oxide film (Si0 2 ) promotes the 
boron's diffusion, such that MOSFET threshold voltages 
differ (scatter) for each FET. 

0005 The purpose of this invention is to provide a method 
for manufacturing semiconductor devices in which the above - 
described threshold value scatter is suppressed. 

0006 Means to Resolve the Problem: Basically, by 
introducing chlorine into the gate oxide film (Si0 2 ) before 
ion-injection 'ST the "boron fluoride ions, this inventor 
found it possible to suppress the boron diffusion and the 
scatter of threshold voltages. The above-described purpose 
is achieved by the following three manufacturing methods, 
which vary in their approach to introducing chlorine into 
the Si0 2 film. 

0007 The 1 st approach is a semiconductor fabricating method 
that includes steps (a) -(f): 

(a) A step of thermally oxidizing silicon semiconductor 
substrate to form silicon oxide film 3, 

(b) A step of forming polysilicon electrode 4A on said Si0 2 
film 3, 

(c) A step of ion-injecting chlorine into said polysilicon 
electrode 4A, ' ~~ 

(d) A step of thermally diffusing the injected chlorine 
into above-noted Si0 2 film 3, 

(e) A step of ion- in j"ectihg boron fluoride (BF 2 ) into afore- 
noted polysilicon electrode 4A and 

(f) A step of activating heat treatment of the ion 
injections so that the chlorine present in above-noted Si0 2 
film will suppress diffusion of the boron. 

0008 The 2 nd approach is a semiconductor fabricating method 
that includes steps (a) -(f): 
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(a) A step that uses ion injection to inject chlorine intcK/f* 
the said silicon semiconductor- substrate, ^ 

(b) A step that thermally oxidizes said silicon semiconduc- ' 
tor substrate to form an Si0 2 film, 

(c) A step that forms a polysilicon electrode on said Si0 2 
film, 

(d) A step that does thermal treatment to diffuse the 
injected chlorine into afore-noted Si0 2 , 

(e) A step that injects boron fluoride into the afore-noted 
polysilicon electrode by ion- inject ion of boron fluoride 
(BF 2 ) and 

(f) A step to do activated thermal treatment of the ion 
injection so that the chlorine present in the afore-noted 
Si0 2 will suppress diffusion of the boron. 

0009 And, the 3 rd approach is a semiconductor fabricating 
method tha^^ilTcIudes steps (a)~{e): 

A -// ! (a) A step that forms a Si0 2 film by thermally oxidizing a 
f fa 1 silicon semiconductor substrate, 

(b) A step that uses ion injection to inject chlorine into 
said Si0 2 film, 

(c) A step that forms a polysilicon electrode on said Si0 2 
film, 

(d) A step that ion-injects boron fluoride (BF 2 ) into the 
afore-noted polysilicon electrode and 

(e) A step that does heat processing of the ion injection 
so that the chlorine in the afore-noted Si0 2 film will 
suppress the boron's diffusion. 



0010 Effects: This invention can reduce the amount of 
fluoride coupling in the silicon oxide film and suppress 
the fluoride's promotion of boron diffusion by introducing 
chlorine into the gate oxide film (Si0 2 ) . 

0011 Application Examples: Below we will explain this 
invention in detail, referring to the figures while 
describing application examples of the invention and giving 
comparative examples. 

Application Example \L : Figures 1-3 are schematic cross- 
sectional diagrams of a semiconductor device that explains 
the process of manufacturing a MOSFET by the 1 st approach. 

0012 As Figure 1 shows, one forms field oxide film 2 by 
selective thermal oxidation of silicon monocrystalline 
substrate (wafer) 1. Then one further thermally oxidizes 



the exposed silicon substrate to make thin Si0 2 film 3 (gate 
oxide film) , for instance 16nm_thj^l^ One uses CVD on 
oxide films 2 and 3 to form boron-doped polysilicpn film 4, 
for instance (230nm) thick. One injects chlorine (arrow A) 
by ion inj ect ion - into this polysilicon film 4. The 
injection conditions are, e.g., at an acceleration voltage 
of 60KeV and a dose of 10 16 ions/cm 2 . Then, after the ion 
injection one does a heat"treatment to disperse clxLoxine____ 
into gate oxide film 3. This heat treatment may be at 900°C 
for 120 minutes, for example. 

0013 As shown in Figure 2, one uses ordinary lithography 
to selectively etch polysilicon film 4, patterning it as 
polysilicon electrode 4A, leaving gate oxide (Si0 2 ) film 3A 
under it and etching Si0 2 film 3. Next one ion-injects 
boron fluoride (BF 2 ) (arrow B) to form P-type source region 
6 and drain region 7 on silicon substrate 1, and also 
introduces boron fluoride into polysilicon electrode 4A. 
The injecting conditions, for instance, would be an 
acceleration voltage of 60KeV and a dose of 3.5X10 15 ion/cm 2 . 
After the ion injection one does activating thermal 
treatment, for instance at 900°C for 15-60 minutes. 

0014 Next, as shown in Figure 3, one forms insulating film 
8 (Si0 2 f ilm) over the whole surface by CVD. One selective- 
ly etches this insulating film 8 by lithographic techniques 
to open a contact hole in the source and drain regions. 
Then by the usual process one forms source electrode 9 and 
drain electrode 10 to get the MOSFET. Checking the thres- 
hold voltage Vth of the P-channel type MOSFET fabricated by 
changing the heat treatment time after the boron fluoride 
ion-injection, I got the results shown in Figure 4. For 
comparison, I skipped the chlorine injection on a P-channel 
type MOSFET fabricated""as~ described above and obtained the 
threshold voltages Vth shown in Figure 4 . " As can be seen in 
Figure 4, a straight-line proportional relationship exists 
with the thermal treatment temperature of the threshold 
voltage of the MOSFET from this invention; and that voltage 
is stable, witHTTfttle scatter. 

0015 Example 2 : In the above-described processes related 
to Figure 1, I did ion injection of chlorine before forming 
field oxide film 2 and before forming thin oxide film 3 to 
dope silicon substrate 1. The injection conditions at that 
time are, e.g., an accelerating voltage of 60KeV and dose 
of 10 16 ions/cm 2 . And, if a thermal -oxidizing treatment is 
done to form thin oxide film 3 (Si0 2 gate oxide film) , the 



chlorine be introduced into the gate oxide film. So, the 
heat treatment after the ion injection is concurrently a 
thermal oxidizing treatment and need not be carried out. 
And, in accordance with the manufacturing steps, the MOSFET 
will be fabricated. 

0016 Example 3 : In the processes described in connection 
with Figure 1, I ion- injected chlorine into oxide film 3 
after forming this thin film. The injection conditions at 
this time are the same as in Example 1. In this case, too, 
I introduced chlorine into the thin oxide film (Si0 2 gate 
film) 3, so that a heat treatment after the ion injection 
is not needed. That means the MOSFET will be fabricated 
according to the manufacturing processes of Example 1. 

0017 Effectiveness of Invention: As explained above, with 
this invention one can reduce the fluorine linkages in the 
gate oxide (Si0 2 ) film created by ion injection of boron 
fluoride (BF BF 2 ) by introducing chlorine in advance into 
the gate oxide film, thus suppressing the boron diffusion 
and reducing the scatter of the MOSFET' s threshold voltage. 

Simple Explanation of Figures 

Figure 1 is a schematic cross- sectional diagram of the 
semiconductor device from a MOSFET' s fabricating processes. 

Figure 2 is a schematic cross- sectional diagram of the 
semiconductor device from a MOSFET' s fabricating processes. 

Figure 3 is a schematic cross-sectional diagram of the 
semiconductor device (MOSFET) fabricated. 

Figure 4 is a graph showing the relationship between MOSFET 
threshold voltage and the heat treatment temperature after 
ion injection of boron fluoride. 



Explanation of Keying Symbols 



1 ... 


Silicon substrate 


2 ... 


Field oxide film 


3 ... 


Thin SiOj film 


3A ... 


Gate oxide film 


4 ... 


Polysilicon film 


4A ... 


Polysilicon gate electrode 


6 ... 


Source region 


7 ... 


Drain region 



9 ... Source electrode 

10 ... Drain electrode 
A ... Chlorine 

B ... Boron fluoride 

[Text under Figs, 1-3 merely repeats the above symbol list. Vertical 
scale of Fig. 4 is the threshold voltage, and horizontal scale is heat- 
processing time in minutes. The text on page 5 is a continuation of 
the first -page header and has been incorporated into that header. 

Translator] 



